Potato is an important food security and cash crop in eastern Hararghe Zone. However, the productivity of the crop is constrained by low soil fertility and poor fertilizer management practices. Therefore, a field experiment was conducted at Haramaya watershed in Haramaya District, Eastern Ethiopia; during the 2014 off season using irrigation. The main objective of the study was to assess the effects of integrated nutrient management on potato growth, yield and yield components. The treatments were three rates of farmyard manure (0, 5, 10, t ha ). The experiment was laid out as a randomized complete block design in (RCBD) in a factorial arrangement with three replications. The results showed that the effect of integrated use of organic and inorganic fertilizer had significant influence on plant height, above ground biomass, day to maturity, total tuber yield, average tuber number/hill, average tuber mass/hill, marketable tuber number and tuber dry matter yield. The highest marketable tuber yields of 38.65 t ha −1 followed by 36.24 t ha −1 were obtained in response to a combined application of farm yard manure, N and P at the rates of 10 t FYM ha , respectively. The marketable and total tuber yields were positively and significantly correlated with all growth and yield components studied but negatively and significantly correlated with the number of main stem/hill, unmarketable tuber yield. In conclusion, application of farm yard manure with, N and P not only significantly improved prod- Open Access Library Journal, 5: e3974.
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Introduction
The annual production of potato in Ethiopia is low (about 784,993.4 tons) and the national average yield is 11.76 tons ha −1 [1] , which is very low compared to the world's average yield of 16.4 tons ha −1 and that of other potato producing countries of the world such as New Zealand (50 tons ha ) [2] . There are several causes for the low yield of the crop in the country among which depleted soil fertility, poor agronomic practices, and diseases and pests are the main [3] . Soil nutrients are being depleted in Ethiopia because of, soil erosion, leaching, removal by crops, low external input of nutrients, as well as absence of crop residue incorporation for restoration of soil fertility [4] . [5] stated that, declining soil fertility is one of the most significant constraints to increased food production in Ethiopia. The essential plant nutrients, N and P are of the deficient nutrients in many soil of Ethiopia [6] . Whereas, most cultivated soils of Ethiopia are poor in their organic matter (OM) content due to low amount of organic materials applied to the soil and complete removal of the biomass from the field [7] .
Blanket rates of nitrogen and phosphorus in the form of Urea and DAP (165 kg urea and 195 kg DAP/ha), which amount to 110 kg N ha −1 and 90 kg P 2 O 5 /ha, respectively, have been formulated to be used as recommended rates for potato production on Nitosol of Holeta, in the central highlands of Ethiopia [8] . The same rates of the mineral fertilizers have been blanket-used for potato production across most parts of the country regardless of soil and environmental conditions for more than 20 years. Current blanket recommendation of 111 N kg ha −1 was recommended by [9] for the variety Bubu in Eastern Hareghe of Haramaya district. The same recommendation of 111 N kg ha −1 and 92 P 2 O 5 was given by [8] and this recommendation has been used for different researches [10] and potato producers since then.
The integrated nutrient management paradigm acknowledges the need for both organic and inorganic mineral inputs to sustain soil health and crop production due to positive interaction and complementarities between them [11] [12]. It is a strategy that incorporates both organic and inorganic plant nutrients to attain higher crop productivity, prevent soil degradation and thereby help meet future food supply needs. Integrated soil fertility management is applica-
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DOI: 10.4236/oalib.1103974 3 Open Access Library Journal tion of soil fertility management practices, and the knowledge to adapt these to local conditions, which maximize fertilizer and organic resource use efficiency and crop productivity [13] . Thus, this study was conducted to investigate the effects of integrated nutrient management on growth and yield of potato.
Materials and Methods

Description of the Study Area
The study was conducted at Haramaya watershed on community farm during The major arable crops in the area are sorghum (Sorghum bicolor (L.) Moench), Maize (Zea mays), khat (Catha edulis Forsk) and vegetables. Farmers practice both intercropping and mono-cropping of these crops.
Experimental Materials and Design
The effects of integrated nutrient management (INM) were investigated using potato as a test crop under irrigation. The improved variety named Bubu, which was released by potato improvement program of the Haramaya University in
2006. The variety is well known by farmers in the area for its high yield, late blight rust resistance, and good quality tubers. The fertilizer used for this experiment included urea, which is a source of nitrogen (46% N) and TSP, which is a source of phosphorus (46% P 2 O 5 ). Farmyard manure: Goat manure was used as an organic fertilizer for the trial. The manure was collected from locally available goat dung from the farmers' field. The fresh goat manure was piled and stored for three months before application for decomposition.
The treatments consisted of three rates of nitrogen (0, 55.5, 111 kg N ha 
Experimental Procedure
The experimental field was prepared following the conventional farmers' practices. The field was ploughed by oxen three times before sowing. The sprouted tubers were planted directly in rows with the spacing of 75 cm between rows and 30 cm between plants, in January 14, 2014. Urea and TSP were used as sources of N and P. The whole dose of TSP and half dose of Urea were applied at planting time by side application method and the remaining half dose of urea was applied one month after planting (at tuber initiation stage) using the split application method. Hand weeding was done when required, to keep the plots clean and free from weed competition. Weeding was done three times during the period of experimentation. Two weeks before harvesting, the haulms were cut and the crop was harvested in May 21, 2014 by digging when the soil moisture was optimum.
Tubers were harvested from the medium 3 rows by leaving the plants growing in the two border rows and those growing at both ends of each row to avoid border effect and the tuber were harvested using traditional implements.
Data Collection and Measurement
The plants were picked at random from the middle three ridges and dug out.
Five plants were selected randomly from the net plot area for recording observations on growth performance and yield related parameters like tuber number per hill and tuber mass per hill data were taken from the whole net plot for tuber yield. Growth parameters recorded were days of emergence, days to maturity, plant height (cm), total leaf area per hill, days to flowering, number of main stem per hill and above ground biomass while yield and yield components parameters collected were average tuber number per hill, average tuber mass per hill, marketable and unmarketable tuber numbers, total tuber number per plot, marketable tuber yield, unmarketable tuber yield and total tuber yield.
Quality Parameters; Tuber Dry Matter Content (%): Five potato tubers were randomly selected from each plot, chopped into small (1 -2 cm cubes), mixed thoroughly, and two fresh sub-samples each weighing 200 g were taken for drying to a constant weight. Each sub-sample was placed in a paper bag and put in an oven at 70˚C for 72 hours. Each sub-sample was immediately weighed and the mean recorded as dry weight. Percent dry matter content for each sub-sample was calculated based on the formula described by [14] .
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Results and Discussion
Days to Flowering and Maturity
The results of the main effects of N, P fertilizers and farmyard manure with various levels and their interaction in relation to days of flowering, maturity and tuber dry matter yield are shown below ( ), the lowest than all treatments. This result agreed with the findings of [15] . In addition to this, plants deficient in phosphorus delay in maturity and show stunting of growth [16] . 111 kg N ha −1 and 92 kg P 2 O 5 ha −1 fertilizer application was significantly influence days to maturity of the crop. However, days to maturity were not significantly affected by application of different rates of farmyard manure (Table 1) .
The interaction of different rates of inorganic fertilizers with various levels of FYM has a significant effect on days to maturity. The reduced in day to maturity continued up to the highest level of the nutrient (111 kg N ha 
Tuber Dry Matter
The result revealed that main effects of organic and inorganic fertilizer showed significant difference for tuber dry matter yield ( in higher tuber dry matter production. The result revealed that interaction of organic manures with various rate of inorganic fertilizer could give better dry matter production than in organic and inorganic alone. The present finding is in conformity with the finding of [19] who reported that integrated nutrient supply increased dry matter yield of potato.
Growth Parameters
Number of Main Stem
The results of analysis of variance for growth components of potato under interaction of organic and inorganic fertilizer are presented and discuss here below.
The result showed that neither the main effect of inorganic fertilizer nor that of (Table 3 ).
In the some way, the interaction effects of different rates of recommended dose of inorganic fertilizers (N and P) with various level of FYM were non-significant (p < 0.05) in (Table 4 ). The maximum number of main stem recorded was (8.25) in the plots received a dose of organic and inorganic fertilizer (10 (8.24) ). [20] also stated that the number of stems/hill did not differ significantly due to the application of different levels of N, P 2 O 5 and FYM as well as their combination.
In this study application of both organic and inorganic fertilizers had no any effect on the number of main stem of potato.
Plant Height
The application of organic and inorganic fertilizers had significant for the main effects of plant height (Table 3) . Plant height significantly increased from 89.63 to 91.39 cm when FYM supply was raised from 5 to 10 t ha −1 . In the same way, ) with different rate of farm yard manure (Table 4) ), compared with to all other treatments, followed by no application of FYM but had full doze of inorganic fertilizer (95.5 cm). The increase in plant height in the presence of inorganic fertilizer may be due to better availability of nutrients. It was observed that plants that received both organic and inorganic were significantly taller than those in height as compared to plants obtained from the control plot. The current experiment result corroborates the findings of [23] who reported that organic manure and inorganic fertilizer supplied all the essential nutrients at seedling stage resulting in an increase of measured variables like plant height. [18] and [24] also reported the combined effect of organic fertilizer and inorganic fertilizer on the plant height was significant. The increase in plant height might be due to more availability and up take of nutrients. Generally the result revealed that plots that received both organic and inorganic fertilizer produced plants with taller height as compared to plants on controlled plot.
Above Ground Biomass
The analysis of variance of main effects revealed that the use of farmyard manure and N was significantly influence the above ground biomass of the crop, but P 2 O 5 fertilizers did not affect this parameter of the plant (Table 3) . Thus, the highest above ground biomass was attained at the rate of 111 kg N ha . This result is in conformity with the findings of [25] who reported a significant increment in canopy dry matter yield of potato in response to increased nitrogen application. Similarly [26] also reported that efficient use of inorganic fertilizer increased the above ground biomass. This ). Similar results were reported by [27] for sweet potato.
Total Leaf Area
The result indicates farmyard manure was significantly influenced at (p < 0.05) on total leaf area of the crop. Thus, the highest total leaf area was attained at the highest rate of the nutrients from treatment that received (10 ton FYM/ha), and was higher than the total leaf area obtained for plants in the control treatment.
The result of the current experiment could probably be attributed to the beneficial effect integrated fertilizer use and the macro as well as micro nutrients supplied through FYM [28] and increased availability of plant nutrients [29] . In the same way, significant difference was observed among different rate of inorganic fertilizers N (from 55.5 to 111 kg ha Table   4 ). Nitrogen fertilizer increases the leaf area, which increases the amount of solar radiation intercepted, and consequently, increases dry matter production by different plant parts. It increases potato yields by increasing the number of tubers formed [30] , duration of tuber bulking, and nitrogen uptake by the plant [31] . (Table 4 ) was significantly higher than the leaf area obtained in the control. Furthermore, the result of the current experiment was agreed with the finding of [32] who reported the integrated nutrient management practices significantly influenced total leaf area.
The higher leaf area as a result of integrated use of organic and inorganic fertilizers might be due to the more availability and up take of nutrients or the release of considerable amounts of nutrients especially N for plant use. N is essential for chlorophyll and protoplasm formation [33] .
Yield and Yield Attributes
The analysis of result indicated that the main effect of inorganic fertilizer both N and P was significantly influenced average tuber mass. (Table 5 ).
On the other hand, the application of farm yard manure had significant effect on average tuber mass; there was increase of average tuber mass with the increasing rates of FYM from nil to 10 t ha −1
. [34] stated that the increase in average tuber mass with the supply of fertilizer nutrients could be due to more growth and higher supply of photo assimilates which helped in producing larger size tubers, hence resulting in higher yields. ) ( Table 6 ). The result is agreed with the report of [29] who reported that integrated nutrient management practices significantly increased average tuber mass. [32] also stated that a significant increase in tuber yield components with increasing organic manure and inorganic fertilizers might be due to higher nutrient availability, and uptake with higher rates of both fertilizer types and increased availability of plant nutrients, hence resulting in higher yields. Disagree with to the findings of the present study, [35] found no significant influence of organic fertilizer application on average tuber mass. Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, Mar = Marketable, Unmar = Unmarketable, RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = Nitrogen, P 2 O 5 = phosphorus penta oxide.
Tuber Yield
The finding indicated that the main effect of (N and P) plus organic fertilizer significantly influenced average tuber number at (p < 0.05) on marketable and total tuber yield of Potato. However, it did not differ significantly affect unmarketable tuber yield due to the application of different levels of both organic and Open Access Library Journal inorganic fertilizer as well as their interaction.
Application of N and P significantly increased total tuber yield and marketable yield of Potato ( ). In the case of N where consistent and significant yield increment was observed with increase in the application of the nutrient, increase in the application N could be attributed to the effect of the nutrient on enhancing leaf growth and leaf surface area. In the same way, increas- ) ( Table 6 ).
Consistently yield-increasing trend was observed with increasing application of farmyard manure, which supports the results of [36] who observed higher potato tuber yield under integrated use of organic (FYM) and inorganic source.
This indicated that the application of higher rates of farmyard manure is required to get the highest tuber yield provided that the ease of use of highly decomposed farm yard manure material and other prevailing conditions occur.
The present finding is supported by [32] , who found that the application of FYM and mineral fertilizers gave a tuber yield increase of 61%, compared with the yield obtained using only mineral fertilizers. Moreover, [37] [38] who indicated that higher yield of crop due to application of FYM was attributed to significantly higher yield components.
The integration of different rates of inorganic fertilizers (NP) with various rates of organic manures (FYM) showed a significant effect on both marketable and total tuber yield; whereas, unmarketable yield was statically not significantly.
The application of different rate of inorganic fertilizers such as (N and P) along with different levels of organic manures FYM significantly increased the marketable tuber and total tuber yield compared with plants that received no treatments.
Total tuber yield also followed in same trend and it was also highest for those treatments which had shown highest marketable yield. This indicate that the application of higher rates of farm yard manure and inorganic fertilizer is required to get the highest tuber yield provided that the availability of organic and inorganic fertilizers. This result agrees with [39] who said that increase in yield of crop might be due to increased dry matter production and its distribution in plant parts.
[40] also reported that the assimilation of dry matter and its distribution within the plant are important processes determining crop productivity. The results of this experiment also confirms the addition of manure increases soil water holding capacity and this means that nutrient would be made available to crops where manure has been added to the soil [41] . Open Access Library Journal
Average of all treatment indicated that application of the mixture of organic and inorganic fertilizers gave highest total tuber yield as well as marketable tuber yield more over the control. The highest total tuber yield (40.13 t ha ) ( Table 6 ). This further increase in marketable and total tuber yield of potato with combined application of both of FYM and inorganic fertilizer could be attribute favourable effects on yield components, like average number of tuber per hill, plant height, leaf area and dry matter production.
Similar results were reported by [42] and by [43] who reported that organic manure alone is not sufficient for optimum yield of potato. The integrated use of organic and inorganic fertilizers though influenced the marketable tuber yield to a variable extent but the results of this experiment confirms the observations of [12] who reported that integration of organic and inorganic inputs sustained crop production due to positive interaction and complementarities between them and also agree with the findings of [32] who reported significant increase in tuber yield components with increasing organic manure and inorganic fertilizers which might be due to higher nutrient availability and uptake with higher rates of both fertilizer types and increased availability of plant nutrients [29] . The result clearly revealed that the total yield and marketable yield of potato could be increased by the interaction of organic and inorganic fertilizer.
Average Tuber Number
The analysis of result indicated that the main effect of (N and P) as well as organic fertilizer significantly influenced average tuber number at (p < 0.05) (Table 5 ). When application of N was raised from 55.5 to 111 kg N ha −1 and application of P 2 O 5 was raised 46 -92 kg P 2 O 5 ha −1 resulted a significant increase in the average tuber number. Especially average tuber number shows a consistent increasing trend with increasing the level of N fertilizer. In agreement with the present finding, [44] reported that a significant increases in tuber numbers in response to increased levels of N application. From my finding observed that the number of tubers varied considerably as a result of N fertilization, and doubled when N level was increased to higher levels.
The interaction effects of organic and inorganic fertilizer were significantly different on average tuber number ( Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, Mar = Marketable, Unmar = Unmarketable, RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = Nitrogen, P 2 O 5 = phosphorus penta oxide.
average tuber number in the control plot (9.8) (Table 7) The current experiment result agree with the findings of [20] the increase in number of average tuber with the combined use of organic and inorganic fertilizer might be due to the increased photosynthetic activity and translocation of photosynthate to the root, which might helped in the initiation of more stolon in potato. Tuber number is Open Access Library Journal also determined by the number of stems produced which in turn depends up on the tuber size and variety as reported by [45] .
Marketable, Unmarketable and Total Tuber Number
Inorganic fertilizer (N and P) significantly affected the main effect of both marketable and total tuber number; however, there was no significant difference for unmarketable tuber number. On the other hand, and there was significant difference for organic manure on marketable, total tuber number and unmarketable tuber number. The marketable tuber number and total tuber number were continued up to the highest level of the nutrient (10 t FYM ha −1 ) ( Table 5 ). Interaction of organic and inorganic fertilizer significantly influences marketable, total tuber number and unmarketable ( Table 7 ). The lowest total and marketable tuber number was found in the control treatment, suggesting that integrated use of organic and inorganic fertilizer resulted in 5 t FYM ha −1 + 55.5 kg N ha −1 + 46 kg P 2 O 5 ha −1 showed higher number of total tubers than control. The finding revealed that in the treatments which had higher marketable tuber number have lower unmarketable tuber number compared with other treatments thus, the minimum marketable tuber number was found in the control. In this experiment, unmarketable tubers numbers refer to unpleasant and underdeveloped tubers (less than 25 g). Most of the tubers that were discarded as unmarketable tubers included the ones that were too small in size. The current experiments agree with the finding of [35] who reported the lowest marketable tuber number was obtained in the control treatments.
Conclusion and Recommendation
Potato (Solanum tuberosum L.) is one of the most important vegetable crops. It is also used as food and cash crop worldwide particularly in Ethiopia. It is successfully produced under rain fed as well as irrigated conditions in different climatic regions of the country for tuber by farmers and commercial growers in Eastern Ethiopia. However, there was no specific fertilizer recommendation for Haramaya areas of potato grower farmers. Overall, based on this study, one could say application of 111 kg N ha −1 + 92 kg P 2 O 5 ha −1 + 10 ton FYM ha −1 recommended for smallholder potato producers of Haramaya Woreda of East Hararage Zone and other areas having similar agro ecology and socio-economic environment in the country. But it would be difficult to make definite and widely applicable conclusion based on the research results of only one season and of one site. So that, further studies are needed to better understand its effect on potato production and its economic feasibility.
